pressure ICP . We successfully treated these patients using CSF shunts with zero-pressure valves. Four out of the seven patients, who were in a persistent vegetative state PVS preoperatively, recovered some communication abilities with the CSF shunt. We therefore propose the new clinical concept of low-pressure hydrocephalus VLPH , and report on the diagnosis and treatment for this condition.
Materials and Methods
We examined 7 patients for this study comprising 1 patient with acute subdural hematoma, one with intracerebral hemorrhage, and 5 with subarachnoid hemorrhages SAH . All of the patients presented with chronic secondary NPH that had been treated with a CSF were evaluated based on their FIM score and the Glasgow outcome scale GOS 6 . Ventricle size was evaluated by the Evans ratio on CT images.
Results
The patients Evans ratio changed signi cantly from a mean of 0.40 prior to placement of the zero-shunt to a mean of 0.33 after the shunt placement P 0.01 paired t-test ; Fig.   1 , Table 2 . FIM scores were also significantly improved in all patients from a mean of 26.3 to a mean of 62.0 after the zero-shunt was positioned P 0.01 paired t-test ; Table 2 .
After placement of the zero-shunt, all of the patients were able to communicate with their families and the medical staff, two patients were able to eat independently, and four became only partially dependent on help for eating. At the last follow-up date, four patients who were evaluated as being in a PVS preoperatively, improved to an SD state from FIM 18.5 to 46.8 after the zero-shunt placement Table 2 . The patients experienced no complications including subdural hematoma or infection after placement of the zero-shunts. However, two patients needed anti-siphon devices implanted several months after placement of the zero-shunt due to the onset of headaches while in a sitting position.
Discussion
Since Adams et al 1 reported three cases of NPH in 1965, the CSF shunt became generally accepted as the most effective treatment of NPH. However, failure rates remained high after placement of such shunts 10-30 of patients with NPH , despite a thorough preoperative examination 7, 11, 14, 20 . Several authors recently reported NPH patients with failed CSF shunts presenting with low ICP 4, 10, 12, 13 , a condition they called low-pressure hydrocephalus LPH . These patients were successfully treated with negative-pressure CSF drainage or CSF shunts with low-or zero-pressure valves. Our study also examined a group of patients with low or negative ICP identi ed by ICP monitoring.
Historically, the term LPH has been used interchangeably with NPH 16, 17 due to the hydrocephalus when referring to NPH 9 . Therefore, the term LPH is not suitable for the condition that we have discussed in this paper. We propose the term very low-pressure hydrocephalus VLPH to distinguish it more strongly from NPH, and so that patients with VLPH could be diagnosed by a careful investigation. Fig. 2 shows a flow diagram used to distinguish VLPH patients from those with secondary hydrocephalus from a nonfunctioning routine CSF shunt. Based on the diagram, we could select eligible patients for whom the zero-shunt operation should be performed.
The causative mechanisms of VLPH remain unknown. Patients in this study included those with secondary hydrocephalus due to severe head injury or cerebrovascular disease.
In the acute stage they showed high-pressure hydrocephalus, which manifested after several months with very low ICP. CSF production may be downregulated due to chronically increased ICP 15 or viscoelastic alterations in the brain due to prolonged over-stretching 5, 13 .
A literature search revealed only 35 patients matching our described concept of VLPH, including the present 7 cases 4, 10, 12, 13 . There may be considerably more patients with VLPH who are being improperly treated after receiving CSF shunts with pressure-setting valves. It is worthy to note that four of our patients who were in a PVS preoperatively recovered enough function postoperatively to communicate and eat.
Conclusions
We propose that patients with failed CSF shunts should be closely examined for signs of VLPH. Placement of a zero-shunt may provide a chance for these patients to recover neurological function, and may help to solve a major medico-social problem by improving the quality of life in patients with severe brain disease.
